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(54) (Title of the invention) Method and device for electrochemical machining of dynamic grooves in dynamic bearings 




(57) (Scope of patent claims) 

(Claim 1) Method for electrochemical machining of dynamic 
grooves in dynamic bearings, being a method by which dynamic 
grooves, which generate dynamic pressure for rotatable support on 
a bearing fluid, are machined on the dynamic pressure surface of 
dynamic b earings i n a specific groove shape by electrochemical 
machining, 

whereby a work piece on which the aforementioned dynamic 
grooves are to be electrochemically machined and an electrode 
tool having groove shaped electrode exposure areas corresponding 
to the dynamic grooves to be machined on said work piece are 
arranged in proximity to and facing each other, the work piece and 
electrode tool are connected respectively to the positive pole and 
negative pole of an electrochemical machining power supply and 
are electrified while causing a specific electrolyte solution to flow 
between the electrode tool and work piece, thereby eluting said 
work piece in accordance with said groove shape to electrochemi- 
cally machine the dynamic grooves, wherein: 
depressions are formed in the areas of the aforementioned elec- 



trode tool facing the aforementioned work piece that do not 
correspond to the aforementioned dynamic grooves, and noncon- 
ductive material is provided in said depressions; 
the areas not covered by this nonconductive material are formed 
into electrode exposure areas; 

the surface of the aforementioned electrode exposure areas is 
formed flush with the surface of the aforementioned nonconduc- 
tive material; and 

electrochemical machining of dynamic grooves is performed us- 
ing this electrode tool. 

(Claim 2) Method for electrochemical machining of dynamic 
grooves in dynamic bearings, wherein the electrode tool described 
in Claim 1 is formed by forming depressions corresponding to the 
nonconductive material, coating the entirety of the area facing the 
work piece with nonconductive material, and then machining so 
that the electrode exposure areas become exposed and the surface 
of the electrode exposure areas becomes flush with the surface of 
the nonconductive material covering the depressions, and electro- 
chemical machining of dynamic grooves is performed using this 



r 



(2) 

electrode tool. 

(Claim 3) Method for electrochemical machining of dynamic 
grooves in dynamic bearings, wherein electrochemical machining 
of dynamic grooves is performed using resin for the nonconduc- 
tive material described in Claim 1 or 2. 

(Claim 4) Device for electrochemical machining of dynamic 
grooves in dynamic bearings, whereby dynamic grooves, which 
generate dynamic pressure for rotatable support on a bearing fluid, 
are machined on the dynamic pressure surface of dynamic bear- 
ings in a specific groove shape by electrochemical machining, 
comprising an e lectrochemical m achining p ower s upply, a w ork 
piece on which the aforementioned dynamic grooves are electro- 
chemically machined, an electrode tool which is arranged in 
proximity to and facing said work piece and has groove shaped 
electrode exposure areas corresponding to the aforementioned 
dynamic grooves, and an electrolyte solution feed means which 
causes a specific electrolyte solution to flow between the electrode 
tool and work piece, 

wherein the aforementioned work piece and electrode tool are 
connected respectively to the positive pole and negative pole of 
the aforementioned electrochemical machining power supply and 
are electrified while causing an electrolyte solution to flow be- 
tween the electrode tool and work piece, thereby eluting the 
aforementioned work piece in accordance with the aforemen- 
tioned groove shape to electrochemically machine the dynamic 
grooves, 

said device for electrochemical machining of dynamic grooves in 
dynamic bearings comprising an electrode tool wherein depres- 
sion are formed in the areas facing the aforementioned work piece 
which do not correspond to the aforementioned dynamic grooves, 
and nonconductive material is provided in said depressions, with 
the areas not covered by this nonconductive material being fash- 
ioned into electrode exposure areas, 

and wherein the surface of the aforementioned electrode exposure 
areas is made flush with the surface of the aforementioned non- 
conductive material. 
(Detailed description of the invention) 
(0001) 

(Technical field of the invention) The present invention relates to 
an electrochemical machining method and electrochemical ma- 
chining device that machines dynamic grooves formed on the 
dynamic pressure surface of dynamic bearings into a specific 
groove shape by means of electrochemical machining. 
(0002) 

(Prior art) In recent years, dynamic bearings, which have excellent 
high speed bearing characteristics, have received attention as the 
bearing devices used in polygon mirror scanner motors, hard disk 
drive (HDD) spindle motors, and the like. These dynamic bearings 
are constituted such that a specific bearing fluid is injected into 
the space between the bearing and shaft, which are arranged to be 
rotatable relative to each other, dynamic pressure on the bearing 
fluid is generated by the pumping effect of dynamic grooves pro- 
vided o n at 1 east o ne o f e ither t he b earing o r t he s haft, and the 
aforementioned bearing and shaft are supported in a relatively 
rotatable fashion by the dynamic pressure. 

(0003) The dynamic grooves provided in such dynamic bearings 
are machined on the dynamic pressure surface of the bearing or 
shaft in a specific dynamic groove shape, such as a herringbone 
shape or spiral shape, and as the machining method for this pur- 
pose, electrochemical machining, for instance, has been known in 
the prior art. 

(0004) Electrochemical machining involves arranging a work 
piece, on which the dynamic grooves are to be electrochemically 
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machined, and an electrode tool, which has groove shaped elec- 
trode exposure areas corresponding to the dynamic grooves to be 
machined on said work piece, in proximity to and facing each 
other, connecting the work piece and electrode tool respectively to 
the positive pole and negative pole of an electrochemical machin- 
ing power supply and electrifying them (impressing direct current 
voltage) while causing a specific electrolyte solution to flow be- 
tween the electrode tool and work piece, thereby eluting the 
aforementioned work piece in accordance with the aforemen- 
tioned groove shape to form the dynamic grooves. 
(0005) 

(Problem to be solved by the invention) Here, with regard to the 
aforementioned electrode tool, there was the problem that, as 
shown in Figure 13, electrode exposure areas 73 are generally 
formed by covering the areas of the electrode part 70 which do not 
correspond to the groove shape with a nonconductive material 7 1 , 
so the surface of the electrode exposure areas 73 becomes de- 
pressed relative to the surface of the nonconductive material 71, 
and when electrochemical machining is performed using electrode 
exposure areas 73 of this form, electrolysis products 74 generated 
by the machining, such as hydrogen gas, and electrolyte solution 
whereof the temperature has risen due to Joule heat are retained in 
the aforementioned depressions (in the areas surrounded by the 
bottom wall of the electrode exposure areas 73 and the side walls 
of the nonconductive material 71), making the electrolysis condi- 
tions unstable; furthermore, the aforementioned electrolysis 
products 74 would collide with the projecting parts of the noncon- 
ductive material 71, causing said nonconductive material 71 to 
peel, and this peeled off nonconductive material 71a would clog 
the narrow machining gap between the electrode tool and work 
piece 72, obstructing the flow of electrolyte solution and causing 
the electrolyte solution flow rate to drop, making it impossible to 
obtain dynamic grooves with good precision. 

(0006) Moreover, there was the problem that, when the flow rate 
falls, it causes drops in current density, which makes the surface 
rougjiness of the machined surface 72a of the work piece 72 
poorer, making it impossible to obtain dynamic grooves with good 
precision; at the same time, such drops in current density make the 
electrochemical machining speed slower, reducing productivity. 

(0007) Here, one could consider widening the aforementioned 
machining gap so as to prevent heated electrolyte solution or elec- 
trolysis products 74 generated by machining from being retained 
in the aforementioned depressions and to keep peeled off noncon- 
ductive material 71a from clogging the machining gap, but if the 
machining gap is widened, the transfer precision will decrease, 
making it impossible to obtain dynamic grooves with good preci- 
sion. 

(0008) In this connection, the objective of the present invention is 
to provide a method and device for electrochemical machining of 
dynamic grooves in dynamic bearings, capable of yielding high 
precision dynamic bearings while improving productivity. 
(0009) 

(Means of solving the problem) To achieve the aforementioned 
objective, the electrochemical machining method of the present 
invention, being a method for electrochemical m achining of dy- 
namic grooves in dynamic bearings, by which dynamic grooves, 
which generate dynamic pressure for rotatable support on a bear- 
ing fluid, are machined on the dynamic pressure surface of 
dynamic b earings i n a s pecific groove s hape bye lectrochemical 
machining, w hereby a w ork p iece o n w hich t he a forementioned 
dynamic grooves are to be electrochemically machined and an 
electrode tool having groove shaped electrode exposure areas 
corresponding to the dynamic grooves to be machined on said 



work piece are arranged in proximity to and facing each other, the 
work piece and electrode tool are connected respectively to the 
positive pole and negative pole of an electrochemical machining 
power supply and are electrified while causing a specific electro- 
lyte solution to flow between the electrode tool and work piece, 
thereby eluting said work piece in accordance with s aid groove 
shape to electrochemically machine the dynamic grooves, is made 
such that: depressions are formed in the areas of the aforemen- 
tioned electrode tool facing the aforementioned work piece which 
do not correspond to the aforementioned dynamic grooves, and 
nonconductive material is provided in said depressions; the areas 
not covered by this nonconductive material are formed into elec- 
trode exposure areas; the surface of the aforementioned electrode 
exposure areas is formed flush with the surface of the aforemen- 
tioned nonconductive material; and electrochemical machining of 
dynamic grooves is performed using this electrode tool. 

(0010) Furthermore, the electrochemical machining device of the 
present invention is a device for electrochemical machining of 
dynamic grooves in dynamic bearings, whereby dynamic grooves, 
which generate dynamic pressure for rotatable support on a bear- 
ing fluid, are machined on the dynamic pressure surface of 
dynamic b earings i n a s pecific groove shape bye lectrochemical 
machining, comprising an electrochemical machining power sup- 
ply, a work piece on which the aforementioned dynamic grooves 
are electrochemically machined, an electrode tool which is ar- 
ranged in proximity to and facing said work piece and has groove 
shaped e lectrode exposure areas corresponding to the aforemen- 
tioned dynamic grooves, and an e lectrolyte s olution feed means 
which causes a specific electrolyte solution to flow between the 
electrode tool and work piece, wherein the aforementioned work 
piece and electrode tool are connected respectively to the positive 
pole and negative pole of the aforementioned electrochemical 
machining power supply and are electrified while causing an elec- 
trolyte solution to flow between the electrode tool and work piece, 
thereby eluting the aforementioned work piece in accordance with 
the aforementioned groove shape to electrochemically machine 
the dynamic grooves, said device comprising an electrode tool 
wherein depression are formed in the areas facing the aforemen- 
tioned work piece which do not correspond to the aforementioned 
dynamic grooves, and nonconductive material is provided in said 
depressions, with the areas not covered by this nonconductive 
material being fashioned into electrode exposure areas, 

and wherein the surface of the aforementioned electrode exposure 
areas is made flush with the surface of the aforementioned non- 
conductive material. 

(001 1) In the method and device for electrochemical machining of 
dynamic grooves in dynamic bearings having this sort of configu- 
ration, the surface of the electrode exposure areas is made flush 
with the surface of the nonconductive material and is electro- 
chemically machined, so even if the machining gap is narrowed in 
order to improve the transfer precision, there will be no retention 
of heated electrolyte solution or electrolysis products generated by 
the machining, allowing the desired electrolysis conditions to be 
maintained; furthermore, there is no clogging with peeled off 
pieces of nonconductive material arising due to collision of the 
aforementioned electrolysis products with said nonconductive 
material, preventing drops in electrolyte solution flow rate. In 
particular, when the surfaces are made flush, concavities and con- 
vexities of the sort found in the prior art are eliminated, so drops 
in electrolyte solution flow rate are prevented to a greater extent, 
and such prevention of drops in flow rate prevents drops in current 
density, improving the surface roughness of the machined surface 
of the work piece; furthermore, such prevention of drops in cur- 
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rent density increases the electrochemical machining speed. 
(0012) 

(Modes o f e mbodiment o f t he i n vention) B elow, t he present i n- 
vention is explained in detail using the drawings. First, the 
structure of an axial rotation type HDD spindle motor, as shown 
in Figure 12, will be explained as an example of a device 
equipped with dynamic bearings fabricated according to the pre- 
sent invention. In Figure 12, half of the motor on one side is 
shown in cross-section, with the shaft being shown broken out 
mid-way. The motor of this drawing comprises a stator assembly 
mounted on a frame 1, and a rotor assembly mounted axially in 
relation to this stator assembly. A cylindrical bearing holder 2 is 
provided so as to stand perpendicular to the aforementioned frame 
1 . Furthermore, a stator core 4 with a winding 3 wound thereon is 
installed on the outer circumference of this cylindrical bearing 
holder 2. Moreover, a cylindrical radial bearing 5 is installed in- 
side the aforementioned bearing holder 2, and a rotary shaft 6 is 
supported rotatably via this radial bearing 5. 

(0013) Namely, a bearing area is formed between the facing por- 
tions 0 f the aforementioned rotary shaft 6 and bearing 5, and a 
lubricating fluid Q, comprising a magnetic fluid of the like, is 
filled into this bearing area. Furthermore, a pair of radial grooves 
5a for generating dynamic pressure is formed integrally in the 
axial direction on the inner circumferential surface of the radial 
bearing in said bearing area, and the rotary shaft 6 is rotatably 
supported by the dynamic pressure of the lubricating fluid Q gen- 
erated by the pumping action of these radial grooves 5a, 5a. 

(0014) Furthermore, the upper end of the aforementioned rotary 
shaft 6 in the drawing is secured to the center of a hub 8 so as to 
rotate integrally therewith. The hub 8 has a core 8a, onto the outer 
circumference of which is mounted magnetic disks or other me- 
dia. A mount 8b is provided on the illustrated bottom edge of the 
core 8a, so as to project radially toward the outer circumference, 
and a drive magnet 10 is mounted annularly onto the mount 8b via 
a back yolk 9. The aforementioned drive magnet 10 is arranged so 
as to annularly face the outer circumferential surface of the afore- 
mentioned stator core 4. 

(0015) Furthermore, a magnetic fluid seal 11 is provided on the 
opening at the illustrated upper end of the aforementioned bearing 
holder 2. In this magnetic fluid seal 1 1, which is arranged so as to 
prevent the aforementioned lubricating fluid Q from leaking out, 
both axial sides of a magnet 1 la are held axially between a pair of 
pole pieces 1 lb, 1 lb, with the magnetic fluid lie, lie being held 
inside the seal formed at the positions where the inner circumfer- 
ential edge of the aforementioned pole pieces lib, lib faces the 
outer circumferential surface of the rotary shaft 6 so as to isolate 
the magnetic fluid from the outside. The lubricating fluid W in the 
aforementioned bearing area is sealed inside the cylindrical space 
described in the internal space of the aforementioned bearing 
holder 2 by the effect of isolating from the outside provided by the 
magnetic fluid seal 11, thereby preventing the lubricating fluid Q 
from leaking out and preventing influx of dust and the like from 
the outside. 

(0016) Next, the electrochemical machining device as per one 
mode of embodiment of the present invention, for machining of 
the inner face of the aforementioned radial bearing 5 and forming 
the radial grooves 5a for generating dynamic pressure, will be 
described. As shown in Figure 1, a cavity for electrochemical 
machining is provided in a hollow housing 21 formed from non- 
conductive material, and a bearing blank 22 is secured 
substantially at the center of said cavity in the axial direction (the 
vertical direction in the drawing) as a hollow cylindrical work 
piece made of metal material. 



(0017) The bearing blank 22 that serves as the work piece in the 
present mode of embodiment is a bearing blank before machining 
of the radial bearing 5 for a small dynamic bearing device, used in 
polygon mirror scanner motors, hard disk drive (HDD) spindle 
motors or the like; stainless steel (SUS) 304 or copper is used as 
the material of this bearing blank. 

(0018) Furthermore, a cylindrical electrode tool 23 is secured to 
the housing 21 so as to pass through the aforementioned bearing 
blank 22 in the axial direction. The two ends of the aforemen- 
tioned electrode tool 23 in the axial direction (the vertical 
direction in the drawing) are secured respectively to the enclosing 
walls 21a and 21b at the axial ends of the aforementioned housing 

21, and a pair of electrode exposure areas 23a, 23a formed sub- 
stantially at the center of the electrode tool 23 in the axial 
direction is arranged so as to face the inner circumferential wall 
surface 22a of the aforementioned bearing blank 22. Each of the 
aforementioned electrode exposure areas 23a comprises multiple 
herringbone shaped grooves arranged in parallel in the circumfer- 
ential direction, with each groove having a specific depth. 

(0019) Namely, the outer surface of the aforementioned electrode 
tool 23, except for the above-mentioned electrode exposure areas 
23a with a specific groove shape, is covered entirely with noncon- 
ductive material 23b, and the coaxiality of the aforementioned 
electrode tool 23 and bearing blank 22 is adjusted such that the 
groove-shaped bottom wall surface constituting the electrode ex- 
posure areas 23a of the electrode tool 23 maintains a uniform 
machining gap relative to the inner circumferential wall surface 
22a of the bearing blank 22 across its entire circumference. An 
electrochemical machining area A is formed by arranging the 
electrode exposure areas 23a of the electrode tool 23 and the inner 
circumferential wall surface 22a of the bearing blank 22 facing 
each other across a specific machining gap. In the present mode of 
embodiment, the machining gap in this electrochemical machining 
area A is set at 0.1 mm. 

(0020) Furthermore, a connecting piece 24a extending from the 
positive pole (+ pole) of an electrochemical machining pulsed 
power supply 24 is connected to the aforementioned bearing blank 

22, and midway in the extending portion of that connecting piece, 
an ammeter 25 which detects the current flowing between the 
aforementioned electrode tool 23 and bearing blank 22 is ar- 
ranged. Meanwhile, a connecting piece 24b extending from the 
negative pole (-) of the aforementioned electrochemical machin- 
ing p ulsed p ower s upply 2 4 i s c onnected t o t he a forementioned 
electrode tool 23, and midway in the extending portion of that 
connecting piece, a power switch 26 for turning the electrochemi- 
cal machining pulsed power supply 24 on and off is arranged. The 
output voltage of the aforementioned electrochemical machining 
pulsed power supply 24 in the present mode of embodiment is set 
such that the density of the current flowing between the electrode 
tool 23 and bearing blank 22 will be 20 A/cm^ 

(0021) The amperage of the current flowing between the electrode 
tool 23 and bearing blank 22 as detected by the aforementioned 
ammeter 25 is inputted into an electricity quantity computation 
means 27, which constitutes a machining control means. This 
electricity quantity computation means 27 computes the current 
density based on the amperage of the current flowing between the 
electrode tool 23 and bearing blank 22 as detected by the afore- 
mentioned ammeter 25 and on the facing surface area of the 
electrode surface of the electrode tool 23, and also has the func- 
tion of calculating, based on this current density, the total quantity 
of electricity needed to obtain the target quantity of electrochemi- 



Patent 3339792 

cal machining, i.e. the total electrification time. The computation 
techniques employed in this electricity quantity computation 
means 27 will be discussed later. 

(0022) A c ommand s ignal t o s et t he t otal quantity o f e lectricity 
needed to obtain the target quantity of electrochemical machining, 
i.e. the total electrification time, is outputted from the aforemen- 
tioned electricity quantity computation means 27, which set time 
command signal is received by an electrification control means 
28, which likewise constitutes a machining control means. Ma- 
chining c ontrol m cans 2 8 i s provided w ith a t imer 2 8a, and t he 
aforementioned power switch 26 is turned on and off by instruc- 
tions from this timer 28a. Specifically, the power switch 26 is 
turned off by the aforementioned timer 28a once the total electrifi- 
cation time set by the aforementioned electricity quantity 
computation means 27 has elapsed. 

(0023) The electrolyte solution storage tank 30 stores a specific 
quantity of electrolyte solution 3 1 containing 3 0 weight percent 
NaNOa (sodium nitrate); as the electrolyte solution feed means, a 
liquid feed pipe 32 and liquid drain pipe 33 are connected between 
this electrolyte solution storage tank 30 and the housing 21. Of 
these, the liquid feed pipe 32 is connected from the electrolyte 
solution storage tank 30 via a pump 34 so as to open into the cav- 
ity at the illustrated top of the aforementioned housing 21, i.e. at 
the top of the aforementioned bearing blank 22, while the liquid 
drain pipe 33 extends from the cavity at the illustrated bottom of 
the housing 21, i.e. the bottom of the aforementioned bearing 
blank 22, to the electrolyte solution storage tank 30, whereby the 
electrolyte solution 3 1 fed through the aforementioned liquid feed 
pipe 32 into the housing 21 goes from the top part of the bearing 
blank 22 through the electrochemical machining area A between 
said bearing blank 22 and the electrode exposure areas 23a of the 
electrode tool 23 and out to the bottom of the bearing blank 22, 
from where it collected via the liquid drain pipe 33 into the elec- 
trolyte solution storage tank 30. 

(0024) Furthermore, in the electrolyte solution feed means in the 
present mode of embodiment, pressure adjustment relief valves 
35, 36 are arranged respectively at the inlet side and outlet side of 
the aforementioned electrochemical machining area A, as shown 
in Figure 2, and each of these pressure adjustment relief valves 35, 
36 is equipped with a pressure gage 37, 38. The pressure adjust- 
ment relief valves 35, 36 are operated as appropriate while 
monitoring the pressure gages 37, 38, thereby setting the flow rate 
of the electrolyte solution 31 in the electrochemical machining 
area A to a specific value. In the present mode of embodiment, the 
flow rate of electrolyte solution 3 1 in the electrochemical machin- 
ing area A is set at 10 m/sec, 

(0025) Furthermore, this electrolyte solution feed means is pro- 
vided with a flow switching means (not illustrated) that reverses 
the d irection o f t he flow o f t he e lectrolyte s olution 3 1 . F or t his 
flow switching means, the aforementioned pump 34 can be made 
reversible, or a pipe switching means or the like which switches 
the flow direction of the liquid feed pipe 32 and liquid drain pipe 
33 can be employed. Said flow switching means serves to reverse 
the flow of electrolyte solution passing through the electrochemi- 
cal machining area A, whereby the electrolyte solution passing 
through the electrochemical machining area A is reversed in alter- 
nating directions at any desired time interval, 

(0026) Here, the computation in the above-described electricity 
quantity computation means 27 is executed based on predeter- 
mined data on the relationship between current density and groove 
machining quantity, for instance as illustrated in Figures 3 and 4. 



Namely, each of the graphs shows the relationship b etween the 
current density determined based on the amperage of the current 
flowing between the electrode tool 23 and bearing blank 22 as 
detected by the ammeter 25 under the device parameters described 
above (horizontal axis; A/cm^), and the machining quantity per 
unit time corresponding to that current density (vertical axis; 
|xm/sec). The machining quantity per unit time of the vertical axis 
is determined as a mean value for each machined material when 
electrochemically machining 10 ^un thereof. Figure 3 provides an 
illustration for the case of SUS 304, and Figure 4 provides an il- 
lustration for the case of copper. Namely, as the electrochemical 
machining progresses, the machining gap gradually expands, and 
the machining rate changes accordingly, so each of the aforemen- 
tioned graphs was determined by averaging the machining rate 
when machining a small quantity (10 |xm) for the initial machining 
gap (0.1 mm), 

(0027) As is clear from each of these graphs, the electrochemical 
machining quantity changes substantially linearly in relation to the 
current density in any given range, so if the machining time is 
fixed and the current density is varied within a range having this 
linear relationship, or if the current density is fixed and the ma- 
chining time is varied, as in the present mode of embodiment, the 
machining quantity, i.e. the machining depth, will vary in propor- 
tion to the current density. That is, the target shape precision can 
be obtained by managing the current density based on the afore- 
mentioned data, and the final machining quantity (groove 
machining depth) can be can be controlled on the (xm or sub-fim 
order by strictly controlling the total quantity of electricity re- 
quired for groove machining, so high precision electrochemical 
machining can be easily implemented. 

(0028) Next, the mode of the electrochemical machining method 
of the present invention using the above-described electrochemi- 
cal machining device will be described. First, the electrode tool 23 
and bearing blank 22 are secured coaxially inside the housing 21 
of the above-described electrochemical m achining d evice, form- 
ing an electrochemical machining area A having a specific 
machining gap (0.1 mm). Then the power switch 26 is turned on 
and a specific pulsed voltage is provided from the electrochemical 
machining pulsed power supply 24 to the aforementioned electro- 
chemical machining area A. Using such pulsed voltage makes it 
possible to eliminate accumulation of Joule heat and hydrogen gas 
(electrolysis product) generated by the electrochemical machining, 
allowing the machining precision to be increased. 

(0029) Here, the amperage of the current flowing from the afore- 
mentioned electrochemical machining pulsed power supply 24 is 
constantly detected by the ammeter 25, and the amperage of the 
current flowing between the electrode tool 23 and bearing blank 
22 as detected by this ammeter 25 is inputted into the electricity 
quantity computation means 27, which constitutes a machining 
control means. This electricity quantity computation means 27 
computes the current density from the amperage of the current 
flowing between the electrode tool 23 and bearing blank 22 as 
detected by the ammeter 25, and calculates the total quantity of 
electricity, i.e. the total electrification time, required for groove 
machining from this current density based on predetermined data 
on the relationship between current density and groove machining 
quantity (cf Figures 3 and 4). 

(0030) Then the total electrification time is set in the timer 28a 
provided in the electrification control means 28 by means of a 
total electrification time setting signal outputted from this electric- 
ity quantity computation means 27, and the power switch 26, after 
being turned on, is turned off by means of a switch signal issued 
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by the timer 28a when the aforementioned total electrification 
time has expired. 

(0031) In a method and device for electrochemical machining 
having this sort of configuration, machining is performed without 
moving the electrode tool 23, which remains fixed, so decrease in 
groove machining precision due to electrode tool 23 feed error is 
prevented, and since the relationship between the electrochemical 
machining quantity of the dynamic groove shapes and the total 
quantity of electricity required for such electrochemical machin- 
ing is a substantially linear proportional relationship, the quantity 
of groove machining of the work piece 23 can be accurately ma- 
nipulated by controlling the total quantity of electricity, making it 
easy to electrochemically machine groove shapes of high preci- 
sion. 

(0032) In actuality, when stainless steel (SUS) 304 was used as 
the material of the aforementioned bearing blank 22, assuming a 
bearing length of 10 mm and a bearing diameter of 3.5 mm for 
said bearing blank 22, and when the machining voltage from the 
electrochemical machining pulsed power supply 24 was made 6 V 
and the current density was made 60 A/cm^, it was possible to 
obtain a groove depth of 10 ^im in a short time of 1 .4 seconds. 

(0033) While the machining gap in this case, as stated above, was 
set as O.l mm, if the machining gap is narrowed, the precision of 
transfer of the shapes of the electrode exposure areas 23a will 
increase, the current density will rise, the machining speed will 
become faster, and the machining efficiency will tend to improve. 
However, conversely, the flow rate of the electrolyte solution 3 1 
will be slowed by the gap resistance and the temperature of the 
electrolyte solution will rise as a result, causing problems such as 
making it impossible to achieve good removal of the hydrogen 
bubbles generated from the electrode surface. Namely, the afore- 
mentioned machining gap should be determined taking into 
consideration the performance o f the pump, the required rough- 
ness of the machined surface, shape transfer precision, machining 
speed and the like. 

(0034) Furthermore, when the bearing length becomes long, dif- 
ferences in machining quantity, i.e. groove depth, may arise 
between the bearing machining portion on the upstream side and 
the bearing machining portion on the downstream side of the elec- 
trolyte flow. This is because the temperature of the electrolyte 
solution rises and the conductivity increases the further down- 
stream it goes; it is furthermore due to the fact that the thickness 
of the layer in which hydrogen bubbles are mixed in increases 
downstream, and the volume of the bubbles increases along with 
liquid temperature, causing the conductivity to decrease. There- 
fore, in order to obtain a uniform groove depth on the upstream 
side and d ownstream s ide of the e lectrolyte s olution, m achining 
needs to be performed under conditions whereby these two 
changes in conductivity will cancel out. 

(0035) To cancel out the aforementioned two changes in conduc- 
tivity, the flow of the electrolyte solution through the 
electrochemical machining area A can be alternated by the flow 
switching means, thereby making the groove depth uniform. For 
example, if the machining time is 1.4 seconds, then by having the 
electrolyte s olution flow from one side for the first 0.7 seconds 
andto the opposite side for the remaining 0.7 seconds, the ma- 
chining conditions will become uniform with respect to the 
direction of flow of the electrolyte solution, allowing a good ma- 
chining state to be achieved. 

(0036) While the power switch 26 in the present mode of em- 
bodiment was turned on and off by a timer means, a configuration 



(5) 



is also possible whereby the output pulses from the electrochemi- 
cal machining pulsed power supply are counted and the power 
switch 26 is turned on and off based on the total pulse count. Fur- 
thermore, the embodiment can be similarly applied to the 
electrochemical machining of metal materials other than the 
aforementioned stainless steel (SUS) and copper. 

(0037) Next, in the electrochemical machining device in the mode 
of embodiment illustrated in Figure 5, a flat thrust bearing blank is 
used as the work piece 42. Namely, as shown in Figure 5, a thrust 
bearing blank 42 is secured as a flat work piece in a substantially 
horizontal orientation inside the cavity provided in the hollow 
housing 41 formed from nonconductive material; a flat electrode 
tool 43 is secured substantially horizontally so as to face the top 
side of the thrust bearing blank 42 constituting the flat work piece; 
and an electrochemical machining area B is formed extending 
substantially horizontally there between. Furthermore, electrolyte 
solution is fed from a liquid feed pipe 52 that opens into the right 
top part of the aforementioned electrochemical machining area B, 
passes through the electrochemical machining area B, and is dis- 
charged to the outside through a liquid discharge pipe 53. 

(0038) Here, in the mode of embodiment illustrated in Figure 5, 
the electrolyte solution is made to flow in one diametric direction, 
as shown by the arrow in Figure 8 (b). This flow scheme is a par- 
ticularly favorable mode of embodiment when the dynamic 
grooves 43a" extend all the way to the center, as shown in Figure 
7 (b). Generally, a scheme is employed whereby electrolyte solu- 
tion is made to flow radially, as shown in Figure 8 (a), which 
scheme can be applied both to herringbone type dynamic grooves 
43 a' as shown in Figure 7 (a), and to spiral type dvnamic grooves 
43a" , as shown in Figure 7 (b). 

(0039) Here, the facing part of the aforementioned flat elec- 
trode tool 43 is covered with a nonconductive material 43b, 
except for the electrode exposure areas 43a, which have a spe- 
cific groove shape, as shown in Figxire 6, and the parallelism 
between the aforementioned electrode tool 43 and thrust bear- 
ing blank 42 is adjusted so as to maintain a uniform machining 
gap between the groove shaped bottom wall surface of afore- 
mentioned electrode exposure areas 43a and the thrust bearing 
blank 42 across the entire surface. The nonconductive material 
43b is assumed to be coated on by printing or the like using a 
specific resin material. 

(0040) The electrode exposure areas 43a constituted in this 
manner are molded into a shape corresponding to the shape of 
the herringbone type dynamic grooves 43a' as shown in Figure 
7 (a) or the spiral type dynamic grooves 43a" as shown in Fig- 
ure 7 (b), with the electrode width Wl of said electrode 
exposure areas 43a being made sUghtly smaller than the width 
W2 of the dynamic grooves to be machined, as shown in Fig- 
ure 6 (WKW2). This difference is provided because, although 
under ideal electrochemical machining, the current density 
immediately becomes 0 at the outside of the work piece to be 
machined, in actuality, it gradually decreases toward the out- 
side and approaches 0. Therefore, die above-mentioned 
difference decreases as the machining pattern is narrowed. 

(0041) Now, if the above-described electrochemical machining 
is carried out using the electrochemical machining device illus- 
trated in Figure 6, since the surface of the electrode exposure 
areas 43a of the electrode tool 43 is depressed relative to the 
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surface of the nonconductive material 43b, even if pulsed volt- 
age is used to reduce the tendency of the Joule heat and 
hydrogen gas produced by electrochemical machining to be 
accumulated due to retention in the exposed depressions of the 
electrode exposure areas 43a, this will not be sufficient, and 
the same problem as described for the prior art will remain. 

(0042) In this connection, for the present mode of embodi- 
ment, the electrode tool 143 illustrated in Figure 9 is 
en^loyed. Namely, this electrode tool 143 is configured such 
that the area facing the thrust bearing blank 42 consists of non- 
conductive material 143b which covers the electrode area 
143c, and electrode exposure areas 143a which correspond to 
the dynamic grooves and are not covered by this nonconduc- 
tive material 143b; and the surface of the aforementioned 
electrode exposure areas 143a is made flush with the surface of 
the aforementioned nonconductive material 143b. 

(0043) To obtain an electrode tool 1 43 having such a shape, 
furst, a round flat electrode part 143c forming the base of the 
electrode tool 143 is prepared, after which, as shown in Figure 
10 (a), depressions 143d are formed, for instance by etching or 
cutting, in the areas of the surface of the electrode part 143c 
facing the thrust bearing blank 42 which do not correspond to 
the dynamic grooves, i.e. the areas which are to be covered by 
the nonconductive material 143b. Then, as shown in Figure 10 
(b), the entirety of the surface of the electrode part 143c facing 
the thrust bearing blank 42 is coated to a specific thickness 
with nonconductive material 143b, such as epoxy resin, by 
printing or the like, after which the electrode areas are ex- 
posed, for instance by polishing the surface of this coating. 
That is, when the electrode areas are exposed following this 
polishing, the surface of the thus exposed electrode exposure 
areas 143a becomes flush with the surface of the nonconduc- 
tive material 143b coated over the depressions 143d, yielding 
the electrode tool 143 illustrated in Figure 9. Materials that 
have chemical resistance against electrolyte solution other than 
the above-mentioned epoxy resin can also be used as the non- 
conductive material 143b. 

(0044) When the electrode tool 143 of this shape is adapted to 
tiie electrochemical machining device illustrated in Figure 5 to 
perform the above-described electrochemical machining, even 
if the machining gap is narrowed to increase the transfer preci- 
sion, since the nonconductive material 1 43b does not project 
from (is flush with) the electrode exposure areas 143a, there is 
no retention of heated electrolyte solution or electrolysis prod- 
ucts generated by machining, allowing the desired electrolysis 
conditions to be maintained; furthermore the combination of 
no peeling of the nonconductive material 143b and no concavi- 
ties and convexities makes it possible to prevented drops in 
electrolyte solution flow rate, and being able to prevent drops 
in flow rate in this manner makes it possible to prevent drops 
in current density and to improve the surface roughness of the 
machined surface of the thrust bearing blank 42. Being able to 
prevent drops in current density in this manner also makes it 
possible to raise the electrochemical machining speed. 
Namely, using this sort of electrode tool 143 to perform elec- 
trochemical machining makes it possible to obtain high 



precision dynamic grooves while in^roving productivity. 

(0045) Figure 1 1 is a lateral cross-sectional explanatory draw- 
ing representing just the extracted main parts of another 
reference example of an electrode tool used in the device illus- 
trated in Figure 5. This electrode tool 153 differs from the 
aforementioned electrode tool 143 in die point that the elec- 
trode exposure areas 153a are made to project from the 
nonconductive material 153b. 

(0046) When the electrode tool 153 with this sort of shape is 
used in the electrochemical machining device illustrated in 
Figure 5 t o c any o ut e lectrochemical machining i n t he s ame 
manner as described above, concavities and convexities appear 
in the machining gap, so the effect of preventing drops in elec- 
trolyte solution flow rate is somewhat weakened, but it is 
possible to obtain a substantially equivalent effect to the mode 
of embodiment described in Figure 9 and Figure 10. 

(0047) Regarding this electrode tool 153, in order to prevent 
leakage electrochemical machining from the side walls of the 
electrode exposure areas 153a projecting from the nonconduc- 
tive material 153b, the side walls of the electrode exposure 
areas 153a are covered with nonconductive material 153b, as 
shown in the drawing. 

(0048) The configurations of electrode tools shown in Figure 9 
through 11, i.e. the configurations where the surface of elec- 
trode exposure areas is either made flush with or projects from 
the surface of nonconductive material, can of course likewise 
be applied to the electrode tool 23 for radial bearing groove 
machining shown in Figure 1, whereby the same action and 
effect can be obtained. 

(0049) While specific modes of embodiment of the invention 
made by the inventors have been described above, the present 
invention is not limited to the above modes of embodiment, 
and various modifications are of course possible so long as 
they do not stray from the spirit of the invention. For example, 
in the modes of embodiment described above, in employing 
the electrode tools shown in figures 9 through 11, a pidsed 
power supply was used, but a direct current power supply may 
be used as well. 

(0050) Furthermore, in the aforementioned modes of embodi- 
ment, in enploying the electrode tools shown in figures 9 
through 1 1, an electrochemical machining scheme was adopted 
whereby both the electrode tool and work piece are fixed; 
however, even with an electrochemical machining scheme in 
which both of them are moved, as described for instance in 
Unexamined Patent Application Publication H5-8111, or with 
an electrochemical machining scheme in which one is fixed 
and the other is moved, as described in Unexamined Patent 
Application Publication H2- 145800 (both are fixed during 
electrochemical machining), by using the electrode tools 
shown in figures 9 through 11, high precision dynamic grooves 
can be obtained while increasing productivity. 

(0051) Furthermore, with a substantially hemispherical ele- 
ment or the opposing element, as described for instance in 
Examined Patent Application Publication S56-53661, high 
precision dynamic grooves can also be obtained, while increas- 
ing productivity, by using an electrode tool in a configuration 
whereby the surface of the electrode exposure areas is flush 
with or projects from the surface of the nonconductive mate- 
rial, which can be applied in the same way to the machining of 
all sorts of shapes. 
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(0052) 

(Effect of the invention) As discussed above, in the device and 
method for electrochemical machining of the present inven- 
tion, electrochemical machining is performed with the surface 
of the electrode exposure areas being made flush with the sur- 
face of the nonconductive material, so even when the 
machining gap is narrowed in order to increase the transfer 
precision, retention of heated electrode or electrolysis products 
produced by machining can be avoided and the desired elec- 
trolysis conditions can be maintained; furthermore, clogging 
by peeled of pieces of nonconductive material produced by 
collision of the aforementioned electrolysis products with said 
nonconductive material is eliminated, preventing drops in elec- 
trolyte solution flow rate; in particular, when the surfaces are 
made flush, concavities and convexities of the sort found in the 
prior art can be eliminated, so drops in electrolyte solution flow 
rate are prevented to a greater extent, and such prevention of drops 
in flow rate prevents drops in current density, improving the sur- 
face roughness of the machined surfaces of the work piece; 
furthermore, such prevention of drops in current density makes it 
possible to increase the electrochemical machining speed. Such an 
arrangement m akes i t p ossible t o obtain h igh precision d ynamic 
grooves while increasing productivity. 
(Brief description of the drawings) 

(Figure 1) A basic diagram representing an electrochemical ma- 
chining device in one mode of embodiment of the present 
invention. 

(Figure 2) A system description drawing representing the electro- 
lyte solution circulation system used in the device of Figure 1. 
(Figure 3) A graph representing predetermined data on the rela- 
tionship between current density and machining quantity for the 
case of SUS 304. 

(Figure 4) A graph representing predetermined data on the rela- 
tionship between current density and machining quantity for the 
case of copper. 

(Figure 5) A basic diagram representing an electrochemical ma- 
chining device in another mode of embodiment of the present 
invention. 

(Figure 6) A diagrammatic side view of a problematic case, with 

enlarged representation of an example of the electrode tool and 

work piece used in the device of Figure 5. 

(Figure 7) A diagrammatic plan view representing an example of 

the dynamic grooves of a thrust bearing fashioned with the device 

shown in Figure 5; (a) represents herringbone type dynamic 

grooves and (b) represents spiral type dynamic grooves. 

(Figure 8) A diagrammatic cross-section representing an example 

of electrolyte solution flow schemes; (a) represents a radial flow 

scheme, and (b) represents a diametrical flow scheme. 

(Figure 9) A lateral cross-sectional diagram representing a mode 

of embodiment of the electrode tool used in the device shown in 

Figure 5. 

(Figure 1 0) P rocess d iagrams r epresenting them ethod o f m anu- 
facturing the electrode tool shown in Figure 9. 
(Figure 11) A lateral cross-sectional diagram representing only 
extracted main parts of another mode of embodiment of the elec- 
trode tool used in the device shown in Figure 5. 
(Figure 12) A semi-cross-sectional diagram representing an ex- 
ample of an HDD motor comprising a bearing formed according 
to the present invention. 

(Figure 13) A lateral cross-sectional diagram representing only 
extracted main parts of an electrode tool and work piece of an 
electrochemical machining device from the prior art. 



(Description of symbols) 
42 Work piece 
43a' , 43a" Dynamic groove 
143, 153 Electrode tool 



(Figure 1) 
[see source for figures] 

(captions) 

21: Housing 

22: Work piece 

23: Electrode tool 

23a: Electrode exposure area 

23b: Nonconductive material 

24: Electrochemical machining pulsed power supply 

25: Ammeter 

26: Power switch 

27: Electricity quantity computation means 
28: Electrification control means 
28a: Timer 

30: Electrolyte solution storage tank 
3 1 : Electrolyte solution 
34: Pump 

A: Electrochemical machining area 



(Figure 2) 



(captions) 
35: Relief valve 
36: Relief valve 
37: Pressure gage 
38: Pressure gage 
34: Pump 

A: Electrochemical machining area 



(Figure 4) 



(captions) 

Vertical axis: Machining quantity per unit electrification time (nm/s) 
Horizontal axis: Current density (A/cm^) 
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143a, 153a Electrode exposure area 
143b, 153b Nonconductive material 
143d Depression corresponding to nonconductive material 



(Figure 13) 




(captions) 

A: Electrolyte solution 



(Figure 3) 



(captions) 

Vertical axis: Machining quantity per unit electrification time {\im/s) 
Horizontal axis: Current density (A/cm^) 



(Figure 5) 



(captions) 

27: Electricity quantity means 
28a: Timer 
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(Figure 6) 
[see source for figures] 

(Figure 8) 
(Figure 10) 



(Figure 7) 



(Figure 9) 



(Figure II) 



(Figure 12) 
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[0 02 3] -:&m^?Kgfja^>^3 OrttCii. NaN 

iffimm&m^^tix\.^^tmc. c<ommm^m^> 

^3 o<^:/^^e^>^2 1 ioreicc. mmm^sfi^^mtb 
x(Dmm%m3 2R:^mmm3 3i)mm$tixi.>^o 
c<o'>iDmm&m3 2u. mmm9m^>i^3o-^^7i< 

>y'3 4^irtLxmt^^^^i»^2 I (omTn^mrrji-h 

fDmnm^mtt 2 2 (D±^m<o^ ^^t^ -n^mur 

Vly >f2 1 CD^7nTfflJ-r3^j:tD-^faiB|j|^^«2 2 ©TSP 

ffljcD=^^ fc'-r ^ --rt > ^7 3 0 (crRl;^):> o 

rjSaiUr*J»3, }LMmj^3 2ipP>f^^i>\y^2 1 

rtcc^j&$n;^cm^-M3 1 m^¥i2 2<D±wj7&> 

6^^ifi^^tt2 2 imSX:P:2 3(DmSSffia52 3 a 
icDP^om^JjnxaJA^ilo-C. I*SS**2 20OTgP»J 

^m^^. ^ciPhwmm'^3 3^^-^\.x'm^mm^> 
^3 orttc|piiR5n^ci:^tc«^$nri^€>, 

[0 024] 35/c^:||i©gSSCCfcC:t^«^«[«l|i&^SCc 

*si>r{i. 02 ^c^^nrc^^ J: ^cc. ±iBmf^Jnxaj 

AOAPWKO^'fflPMJtciEst^paifflCDy ';-:7^3 

ll^iisilffi'; y-:7^3 5, 3 6^c^urE:^if3 7. 

3 8;&^#^^nr(.^'S<. ^ur. cn^(^E;^jt+3 7. 

3 8^^:::.^-L-:>':>II;^Ji^my ';-:7^3 5. 3 6 

imM.m%^ti. -en^cj:omw»nxa5A{c*ji:t^m» 

^*J(<^r«. ^^Jjnxa3A{C:fe5t:f-Smft?^g3 
1 Om/s e c tUh^^\^WC&^XxX\.^^. 

[0 02 5] tfccoj: 0 rj:mmmm^^m(^m. mm 
m3 i<Dmnij\^^M^^^±^mV}^^^m 
m) j&iswenri^^, comnm^^mtLx^t. ± 

iB>J<>>'-3 4^i^feoJfte<!:0/cfcO[)^. ygmjf^3 2i 

mis/inxspA^&M'Sm^^j&iiSfrssisn. swsnxas 
^(cmm^tix^.^^. 

[0 02 6 1 c<Dt^±MofcmmMmn^m2 7(ci^ 
'f^i^^Ax^i^fcmmm&tmmjjmt(Dm9h^-^(iC 
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tifcmmmm. A/ cm' ) ^<omms&^ 
c) tommfjm^tixi^^o mm<Dm&mm^fc^o:> 

aiU/c#^r«. S»JCDjraXR©r^ (O. Imm) (^CML 
XWbM < 1 0 <zm) fciimJll^fct^omTMm^^ 

i^bX^^fchOX^^. 
[0 02 7] cnh(0^m^^hmhi)^rj:^^(,c. 

vm(onm^mm u xmm^iLm\xmMm<mt u 

x^n. ^-yx^(r>mm^fm%^'m^h'miX. mi. 
m^^n%bxmmmm.^mt^^. mx^^^mm 

iJS^gici:i:Piiurjjaxfi-rj^j:t>-^»nxai$7&^^aT^c 20 
xs (m*nxg^5) ti. riJnx^c^L/c^m^^j^^ 

WiiUT C i CC J: o r M m $ /c«i^ -iT M m ^- 
$iJtai Djfig <!: j^cc c i ei«flKmWJnX3&i^^K:^ 3 

[0 02 8] ;^^C, ±aiL/cm^tt]XKg^ffiC^/c::^^^ 

H^{c;&^;t)^^^8?j3ax:&ffi(Dff^.ii^i^B^'r^o 5t-r. ±ai 

L/cm(ii^JaX^|gCD>'^•^i^>^^2 IrtCC. m@X:i:2 3 
i|i^S«2 2<i:^l5]f4M{C@^L. ^^cZ)JnXRgr^ 30 

(0. 1 mm) ^w*r^m»ttixa5A^ffM-r'£>. 
riim;^ >f 5^ 2 6 c7):^'>s&f^^m^^^Jaxffi^^*;i.x 
mtis 2 4 e±iamwttixa5A &c>ft u r^^cD>'^*;^y;m 

m^rj:<'rct'f>^x^. mjMm^\^±^^^ctifix 

C(Omim2bX^ti!,i$tifc^XM:2 3tm^M 40 

ti2 2t<Dm(DmmmwLmf)K mTMrn^m^mm^ 

m®fiSIS^S2 7«:A*$n^, com^fiiS^^S 

2ixit. ^n\2 5x^m^titcmmj:M:2 3tm^ 
m^2 2 ^(Dm<ommmmmi!)^fDW&mm^mm^ti. 
$6tcc(DmaEffia35p6. ^^^!fyx^i.^fcmmsAt 

xmmx(,Cijmni:mm^'rtj:t>i5>ummmmf)mw^ 

[oo3 0]-E-or. c(Dmm.mmu^^2 7f)^hmt} 
^ti^mmmmm(DWLmm^(^<^ n . mmmm^WL2 s so 
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B$CC^>rv>-2 8 a;&^e>^i±6n^^^^tCj:or^ 

[0 0 3 1] c(D^^tmi&^mr^nmmxiimsLX> 
mmimMmc^\.^x\t. mmxM.2 3 ^m^r ctu 
<mmbfci^^tmxm=ff>irihctis^h. mffix^2 3 

MIX^2 3^cD3}ma*ii^MSOSiJ®CCJ:o 

[0 03 2] mmc. ±Mz^^m^2 2<o^mt bx:^ 
7^>u;j^iH (sus) 3 0A^umiy. ^mi&mn2 

2<Dl4Sg3^1 Omm. fiHi*3, bmmtT^tt 

fecc. mMmxm^^)\^:^mM2 A.^cx^mxnK^^y 
4#<b(,^^^^r^rt#-sci*s"ct/c. 

[0 03 3] >^j:*5COi^. ffaiL/c<i:^CC}jpXRgra^ 
0. ImmOC^SOri^^T^^ »nxi®r^^j5t5i?>^<i:ms 

»tfi«P2 3 BiOWM^-mmmiLb. $ etcmssies 

i>c^^m<rj:^xLti.\ ^(ornm. mmm<oM&i)^± 

mxmm^t. ^^yy^com^^. ^j^^^nxi^^mxmm 
cD5Fi3^. mK^^nm. ^h^iamxM&m^nmL 

[0 03 4] tfcm^E:^^m< tji-otcm^^at. mm 
momtKo^wtmom^mx^ t rmmom^mx^ t 
(o^mxmr j^j: t> ^ ? (^cm^^r^ ctf)^h^^ 

Mjti i'A^ <t^^. 5 6 ^cm^<o'&mm^t i ^cc 
mi^b. 'tti(^^-oxmm&f)m'j^'r^i)^hv$>^o 

[003 5] ±fa:i-oo[>m»e[c[>^ifc^sci^ffla$if 

mnoo. 7n'(^r>\.^xmmm^-mii)^fb^b. 

(DO. 7 ^'i^-oi^xictmMBK^mmt. mmm<oi&tii5 

\^(C:his^xmx^m^i^-it^ti^Cttrj:-z>xm^tj: 

mxtm:f)m^tii>. 

[0 03 6 ] J^cCfc. :^mmBB^ci6i^X{t. il^X^ y 
^2 60t> ' :*'7ttf^^^?-rv^^®tCj:o'C}for 
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60 tfc. i:^L/t;^f^>u;^ia (SUS> ttPmiiJi9[- 

[0 03 7] ycic. m5(fC9ri^tixi^^mmmm<Dmm 

imm^ 2f)^f^m^i$tifcmmmi)K mmmxmB^m 

n^^o 20 
[0 03 8] ccr. ss^cij^t/ciiM^^rti. ms 
( b ) 5(cm»BK^i[S:frfoicD--:& 

\^^cmsb^-\ixi.>^f>\ comwiif^iit. mi (b) o 

07 (a) (DJ:^3^j:-^V>y:i<->M08{iII?»4 3a' 
R^mi (b) ©J^^J^cXMV^JVMOfiEaiSjLl 

[0 03 9] C Cr. ±ia¥«t^mSX:i:4 3<D>!tf^a5 30 

m@^aia54 3 a^^l>r#N«mtt«l44 3 br^^on 
r 0 . ±iBmSlliaa54 3 a <D?S01^<DJ£II® <b ;^ ^ 
H4Sm**4 2 cb^^^ffiCctoytori^^cCjJOXPaRl^r 
(i^^<^^^c. ±iE^SXA4 3ix^;j^ h#§^«4 
2(f:CDWS^i)l5^Ur*-2><!:T^o ^f*mtt«l44 3 

b«. mM(ommii^tmm(icj:-ox::i-^ ^ >ifiyx 

[0 04 0] c<D^^^cmfi^btcmmmmm4 3 8i^. 

mi (di) <D^^rj:^Vy >M<DW}mm4 3 40 
a' . m\mi (b) cD<i:^Aj:XMV^;UMcD«iE?i4 

3a" <DM^(^cMix:^ofcj[mcm^b. secc^^n 
r(.i-S>J;^^c, ^^m^ffla54 3aom@itiwi^. 

(WKW2) o C(OJ:^rj:m^mi^(0{t. mmmj: 

^(tcm^Lxo(iC^r${,>x\.^<-fphx$>^o Ur>x. m 
[0 04 1 ] tc^x. me(^nkotcmmmTMm^m so 
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i^>x±j^bfcmmmT^^7'>t. ^x^4 3©mffiK 

m^4 3 simmmmmmmA shomm^cs^oxm 
^'CCi^c<!:*>6. /ci^>'^•;^xmffi^fflc^rm«J^lX 

[0 0 42]-^^^ ^m^m^c$>^x{t. m9(^9fk 

an^^ffiX:^! 4 37&ifflC^6nTl^-5c -tufy^. c 
(OmmUM: 1 4 3«. ^<DX'7:3l h«|^tt4 2 5c*trfii 

-r€>§p^7!)^ m^aj 1 4 3 c ^m^^mmi^m-^ 1 4 3 
b t . C<D^N»mi4« 14 3b rst)n):ccittE?s^c^ 
CE-r^mffiRffiasi 4 3ai. /r>6«fi!c$nrCi-2><b^t 
tc. ±IBmiiSaigPl 4 3 aCD^M?t)^±HB#^^^141^f4 
1 4 3 bcD^stc^turs-iJ^c^J; ^«:l«j2X$nrc^ 

[0 04 3] C(Dj:^rj:m^(DmmJ:M:l 4 3^ff'5CC 
*/cor«. 5fe-r, m^*l 4 3<Dma5i3^cC-E>Rff^^ 
fit^omSSBl 4 3 cmmi/. yct^r. 1^10 (a) 
^c?j^$naj:^ic, m^l 4 3 ctc^dtt^x^x MS 

T/j:*D^*»^tt*t*4 1 4 3 b Cc J: ^ xmt>ti^ ctdc 
Ajr^as^jc, WI;i«X':.^>yxffi-^^SUxatcj:or 

IMJI^Pl 4 3 d^Bf&L. ^>C(.^r. SI 0 (b) (^^^tl 
^<fc^cc. mffiSPi 4 3c5C*jCt^;^^;^ htt^*W4 

2Cc*t-r^>rtf^M^f*Cc. mt3!x;J<:^ex<S!g^<D#N2» 

mmim 1 4 3 b mt^En^j^cc^ ^ r ^^/nsm 
yci^-ccoisii^fflcc, fi^n^tiwesnx^jfeLT^ 
^^Hffl^i^^o •rj:ct>'^. ccDW^Jnx^cfi£-:>rm 

gPl 4 3 a<?>^M<!:[iaa51 4 3 d tCttliSnrii-SIf* 

^x*i 4 3*tf#6n^c<i:tc;^cC^o 0mm\i 

tt*4 1 4 3 b i ±j*Uytx;}<^^ix<Sfll«niC. 

m»«tc*f Lxmm&m^mi^^^n^mi.^^ cttf^x^ 

[0044] C(OJ:'>rj:mtK<ommi.M.l 4 3^mbffC 

m&um 4 3bib^mmMm^i 43 aj;oi^aiuri^ 

mj: < m^^^BfrMtc^oc ti)^X^^t^(^^mm 
mim 14 3b CCiiJBt;^^^ i; ^ C iJt^^^cC < ? (b^m^^^ 

rj:{,>ct'^is^^xmmm<omM&r^m±x^. 

S©<aT^fiS±r ^ ;^ ^ :^ h tt^^tt 4 2 counx^s© 

^m±bi^^c t(^j:-DxmmmTjg&^m^^ ctt^ 
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[0 04 5] 01 iiim5icmLfcmm:(fcmi^^bti6m 

mmv$>i>. c(DmmxM: i s 3 ^^±nmmxM: 1 4 3 
iji^ csjj, ms^uas 153a ^0mmmm 1 5 3 

[0 04 6] COcfc^J^cJKttom^gXMl 5 3^05 

x^tf^i. jjaxiaRfiK:cna*i-c^^ci*>6iE«Sffio 10 

[0 04 7 ] sec. CCD^^X*! 5 3^4>-^r«. #N 

^mi4tt*4 1 5 3 b J: K^mmr^mmnm^ 1 5 3 awj 
1 5 3 a mm^t. s^<d$p < i^^mitttt* 1 5 3 b 

[0 04 8] )^j:*5. ^97!iS0 1 1 (^mLfc^XM.<D 

mf&. -rrjit^i^mmnmmomm^^mm&unomm 20 
i^r;i/tt^?ltJjnXffl©^X:a2 3CcWLt:4>i^8lcciS 

[0049] a±:ti^mmfiCj:^xrxi^tift^m(omm 

J:^ffii^^ec^)/c-3r. >'^•;^;^m^!^^ffiCi^J:^ccu■c 30 
[0 05 0] $/c. ±iB^*sff^^tcfci>rt*. mon^ 

mum^w-b-^ 1 1 m<^mcmm^^t^c 
mi^^^m^^mmmxi^^^m^\mmW'2- 1 4 5 
8 0 o^<lkmc%^mox ^ i^c-i^^m&iyxm^^m 

[0 05 1 ] $/c. ^^td:^l$^BS5 6-5 3 66 1 

m^n\^xm-~''ttc\tm^r^mm>mmj:^^m\.^^ 
ctiiCj^'oxmnmmKm^^mt:^\p\±.\^'o-:>nh 
ci^^nj^r^o. *6f9)^s^cD?g«ljnx«:*fLrfe 

[0052] 

»nx:&S6;Rcfm»ttix^g». so 
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mtttt*4<D»®tc?ttori^tcLrMJB»nx^tf ^ 
Oct. K^3ms^f^±T-<<j)nxraii^!5J^< hxh. m 
xcc J: ^ o/cm^^^^j-^ss J:^^ t fcnwaL(om 
mifi^cui.^^'y^i^xmmk^^mm^^^nht^ 

#^»mttW4tCM-r^±iBmi^^^i|^(D?K3^CCt^^o 

r^^-r ^^iSf#^»mtt«*4cOIHJi8t>{-Cc J: 0 ^a^j: 
< LTM»«<DSfe3iffiT^ES±L. ^Ftcffi-tCLfctlA 
^^-^x\ rii^im(D^'?rm ^ht^<U%^ct^^ 
->xmmr^<omM^y^^h^Vj±L. lt&^^coj:^ 
oc?S3i(6T^i»±-r 6 c <t (c J: ^ xmmmm.o^-r^Vi 

ih L r ^^^X^CD^JDXafficDMII 5 ^f^fJ±*r <!: CC . 

c © J: ^> cc^ffigcDfiT^PA^-r ^ c <i: cc J; ^ xmm 
Lfcmsmmmx^z>. 

[S2] m\(omw^m^^^tix\.^hmmm<mwk^ 

[03] i^e5?>5}cd6riJl^/cmS^SgSiJnXS<i:CDM{^r 
-:>(DSUS3 O4(3C>ti^*aLfcjS0-C*-So 

[04] ^2^>5}^ii?)rfci^/cmg^?gg<ban:fii©K^7' 
^? oaicoit^^^ U /c^0-C -5>. 
[05] *^H^©flbor)^Ji^®k:*:»?&i^m«ijnx«g* 

[06] 05CD^StCffll^6n^m@X*RO'WX!g3 

m^<ommwmmx^^. 

[07] 05CC^L/c^gCcJ:-5r^f^$n'6X^;^ h 

»;>^^-->^<o«jE»^^l. (b) 
©iSEm ^ * b /c^MU^H^ 0 -c * ^ o 
[08] m^vg©«£«):&^(D-W^^t/c^><D'C^>o 

(a) t^j!Sl^:;5rS]&ca£it)$-tf/c^©^^o. (b) 

[0 9] 0 5tC^O/c^gtCffil^6n-5)mffiX:i:<O-* 

m5\^m^m,\^fdmmwmxhh. 
[0 1 0 ] 09 cc7j^L/cmffix^oWig:6rffi^^L/c# 

x^i$^0j0r^^„ 

[011] mb^7fk{^fcmmcm^^htihmm:M.<o^ 

[012] :^^H.gCCJ:-:)-C?f^fiS?n/clft^€:m/cHD 

[013] se*sjBoc:tet:f ^mwttn:Ks<DmsX:S:S: 
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